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The  ability  of  a  water  body  (res¬ 
ervoir,  stream,  estuary)  to  establish 
and  colonize  native  or  noxious 
aquatic  plant  species  depends  on 
many  physical  and  chemical  fac¬ 
tors.  TTiese  factors  have  been  stud¬ 
ied  within  the  Corps  of  Engineers 
Aquatic  Plant  Control  Research 
Program  (APCRP)  and  the  aquatic 
plant  management  community  for 
many  years.  One  important  focus 
has  been  on  characterizing  the  con¬ 
ditions  under  which  plants  will 
colonize  and  grow.  Often  a  man¬ 
ager  wishes  to  determine  the 
impact  of  various  management 
strategies  on  the  plant  distribution 
pattern  within  the  whole  project 
area.  This  requires  a  procedure  that 
captures  and  integrates  the  results 
of  greenhouse,  laboratory,  and 
field  experiments  (conducted  under 
specific,  controlled  conditions). 

The  procedure  must  be  useful  for 
all  candidate  sites  such  as  streams, 
reservoirs,  or  other  navigable 
waters.  In  addition,  to  be  consistent 
with  other  cost-benefit  analyses 
and  risk-based  assessments,  manag¬ 
ers  and  planners  need  information 
on  “potential  areas”  of  plant  coloni¬ 
zation  in  terms  of  probabilities. 
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Aquatic  plant  colonization  is 
indeed  a  function  of  various  bio¬ 
physical,  spatial,  and  human  fac¬ 
tors.  From  knowledge  of  these 
fundamental  relationships,  coloni¬ 
zation  can  be  modeled  as  a  series 
of  conditions  or  events  and  the 
independent  likelihood  of  each  can 
be  calculated. 

To  express  plant  colonization  in 
terms  of  the  probability  that  it  will 
occur  requires  a  conceptual  model 
of  the  events.  Colonizing  aquatic 
plants  at  any  particular  site  or  loca¬ 
tion  can  be  modeled  with  two  pri¬ 
mary  events: 

•  The  introduction  of  viable  plant 
material  to  the  waterbody  at  a 
particular  site  or  location. 

•  The  successful  establishment  of 
that  plant  material  at  the 
location. 

Each  of  these  events  is  influ¬ 
enced  by  numerous  factors  such  as 
light  availability,  substrate  condi¬ 
tion,  proximity  to  source  of  intro¬ 
duction,  and  fragment  dispersal. 
The  relationships  between  these 
factors  and  the  two  events  are 
depicted  in  Figure  1 . 

To  effectively  apply  and  demon¬ 
strate  the  conceptual  colonization 


methodology,  a  site  in  the  Upper 
Mississippi  River,  Pool  4,  was 
selected.  This  area  has  several 
ongoing  R&D  efforts  by  the  Water¬ 
ways  Experiment  Station  and  con¬ 
tained  adequate  geospatial  and 
environmental  data  for  demonstra¬ 
tion.  Important  data  types  for  Pool 
4  were  bathymetry,  turbidity,  sub¬ 
strate  types,  and  waterflow.  An 
example  of  the  bathymetry  data  for 
Pool  4  is  shown  in  Figure  2.  Depth 
is  depicted  as  shades  of  gray 
(lighter  shades  indicate  shallow 
depths  and  dark  shades  represent 
deeper  depths). 

Probability  of 
introduction  of  viable 
plant  material 

The  dispersal  of  aquatic  plants  is 
highly  dependent  upon  current/ 
flow,  water  depth,  and  distance  of 
travel  from  the  point  of  introduc¬ 
tion.  The  spatial  variable  is  shown 
in  Figure  3.  (In  this  figure  and  the 
following  figures,  lighter  shades  of 
gray  represent  regions  with  low 
probabilities  and  darker  shades 
represent  areas  of  high 
probabilities). 
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Figure  1.  Concept  flow  diagram  (introduction  vs.  establishment) 


The  spatial  variable  of  proxim¬ 
ity  is  a  function  of  distance  and  a 
possible  introduction  source  of  the 
plants.  This  could  be  where  a  nox¬ 
ious  plant  has  been  deposited  at  a 
public  boat  ramp.  The  proximity 
distance  is  calculated  as  a  least  dis¬ 
tance  for  the  entire  area  without 
regard  to  water  flow.  This  results 
in  a  probability  map  (Figure  4) 
showing  that  areas  immediately 
close  to  the  point  of  introduction  as 
having  a  high  probability  versus 
areas  of  low  probability  (i.e,  longer 
distances).  Because  the  function  of 
proximity  involves  only  one  vari¬ 
able,  distance,  it  can  also  be  visual¬ 
ized  as  a  two-dimensional  function 
(Figure  5). 

The  probability  of  introduction 
is  a  function  of  two  previously 
described  variables,  proximity  and 
fragment  dispersal.  This  variable 
describes  the  probability  of  the 
proximity  of  introduction  and  dis¬ 
persal  routes  of  the  plants  or  plant 
fragments  (illustrated  in  Figure  6). 


Figure  2.  Pool  4  bathymetry 


Probability  of 
establishment  of  plant 
material 

Substrate 

The  substrate  variable  is  a 
function  of  substrate  nutrients,  sub¬ 
strate  texture,  substrate  distur¬ 
bance,  and  current  (Figure  7).  The 
composition  and  texture  of  bottom 
sediments  affects  the  growth  of 
rooted  aquatic  vegetation. 
Generally  it  has  been  shown  that 
diminished  growth  occurs  at  low 
sediment  density  values  and  in 
sands  at  high  sediment  density  val¬ 
ues  (Barko  and  Smart  1986). 
Growth  is  highly  dependent  on 
both  texture  and  nutrients. 
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Water  current  is  a  more  domi¬ 
nant  factor  than  wind  fetch  in  the 
case  for  Pool  4.  At  other  sites,  this 
might  not  be  the  case.  A  current 
speed  of  50  cm/sec  is  currently 
used  as  a  limiting  condition  for  the 
establishment  of  the  plants. 

Light 

Available  light  is  a  function  of 
depth  and  water  turbidity.  Water 
turbidity  was  obtained  from  aver¬ 
age  daily  measurements  (May  of 
1995).  The  light  intensity  available 
for  submerged  aquatic  plants  is  a 
function  of  the  light  intensity  at  the 
water  surface  and  the  log  base  of 
the  negative  extinction  coefficient 
(May  value  was  -2.89  m-1)  at  the 
bottom  depth  (see  Equation  1).  The 
result  is  shown  in  Figure  4,  where 
the  light  intensity  was  set  to  unity 
and  values  range  from  0.98  to  0.0. 

/_  =  I0e<-2m>  (1) 

Light  transmittance  and 
attenuation  are  parameters  that 
influence  the  establishment  of 
aquatic  plants  (Barko,  Adams,  and 
Clasceri  1986).  In  Figure  8,  Secci 
disk  readings  have  been  averaged 
for  each  month  in  Pool  4  and  con¬ 
verted  to  a  light  extinction  coeffi¬ 
cient  (Giesen,  van  Katwijk,  and 
den  Hartog  1990)  to  show  light 
transmittance  as  a  function  of 
depth.  Transmittance  is  shown  as  a 
percent  of  the  available  light  that 
reaches  the  indicated  depth  needed 
by  the  plants.  Each  layer  can  be 
represented  as  monthly  averages 
(Figure  9),  where  turbidity  changes 
impact  the  probability  of  plant 
establishment. 

The  probability  of  establishment 
is  derived  using  both  available 
light  and  substrate  condition.  Fig¬ 
ure  10  depicts  the  probability  of 
establishment  for  Pool  4. 


Figure  5.  Theoretical  probability  of  proximity  to  source  of  introduction 
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Colonization  of  plant 
material 


The  conceptual  colonization 
methodology  integrates  all  of  the 
previously  described  variables  spa¬ 
tially.  This  is  illustrated  in  Equa¬ 
tion  2.  In  this  equation,  all  the  P 
variables  are  the  variable  prob¬ 
abilities  and  the  w  variables  are 
weights  of  importance.  The 
weights  of  importance  can  be 
derived  from  logistic  multiple 
regression  (Narumalani  et  al. 

1997).  The  final  result  of  this  calcu¬ 
lation  gives  the  probability  of 
aquatic  plant  colonization. 

Pc  =  wtPrwePe- 
w,PrwsPs-wdPd  U) 


The  probability  of  colonization 
for  Pool  4  in  the  Upper  Mississippi 
River  is  shown  as  Figure  11.  This 
is  based  on  one  point  of  introduc¬ 
tion  of  plant  material  as  shown  in 
Figure  4.  This  graphic  shows  that 
aquatic  plant  colonization  is  lim¬ 
ited  to  the  near  shoreline  and 
shallow-water  areas  of  Pool  4, 
which  is  considered  a  reasonable 
assessment  based  on  site  geospatial 
data  and  aquatic  plant  research  con¬ 
ducted  to  date. 


Summary 

The  conceptual  methodology  for 
predicting  the  probability  of  coloni¬ 
zation  of  aquatic  plants  has  been 
described  and  is  a  function  of  sev¬ 
eral  biophysical  factors.  This  con¬ 
ceptual  procedure  was  applied  to 
Pool  4  on  the  Upper  Mississippi 
River  and  probabilities  of  plant 
colonization  were  generated.  These 
first-generation  analytical  proce¬ 
dures  were  considered  realistic 
based  on  site  conditions  within 
Pool  4.  The  conceptual  procedure 
is  presently  undergoing  some 


additional  refinement  and  will  be 
tested  and  evaluated  to  determine 
how  well  it  depicts  actual  coloniza¬ 
tion  conditions  in  different  geo¬ 
graphic  regions  and  water  body /site 
conditions. 
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Figure  9.  Light  transmittance  and  water  depth 


Figure  10.  Probability  of  establishment,  Pool  4 
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Figure  11.  Probability  of  colonization  for  Pool  4 
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This  bulletin  is  published  in  accordance  with  AR  25-30  as  one  of  the 
information  dissemination  functions  of  the  Environmental  Laboratory  of  the 
Engineer  Research  and  Development  Center  at  the  Waterways  Experi¬ 
ment  Station.  It  is  principally  intended  to  be  a  forum  whereby  information 
pertaining  to  and  resulting  from  the  Corps  of  Engineers’  nationwide  Aquatic 
Plant  Control  Research  Program  (APCRP)  can  be  rapidly  and  widely 
disseminated  to  Corps  District  and  Division  offices  and  other  Federal  and 
State  agencies,  universities,  research  institutes,  corporations,  and  indi¬ 
viduals.  Contributions  are  solicited,  but  should  be  relevant  to  the  manage¬ 
ment  of  aquatic  plants,  providing  tools  and  techniques  for  the  control  of 
problem  aquatic  plant  infestations  in  the  Nation’s  waterways.  These 
management  methods  must  be  effective,  economical,  and  environmen¬ 
tally  compatible.  The  contents  of  this  bulletin  are  not  to  be  used  for 
advertising,  publication,  or  promotional  purposes.  Citation  of  trade  names 
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dictated  by  the  quantity  and  importance  of  information  to  be  disseminated. 
Communications  are  welcomed  and  should  be  addressed  to  the  Environ¬ 
mental  Laboratory,  ATTN:  Dr.  John  W.  Barko,  U.S.  Army  Engineer  Re¬ 
search  and  Development  Center  (CEERD-EV-E),  3909  Halls  Ferry  Road, 
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